35 In South East Asia, dengue epidemics have increased in size and geographical distribution in 36 recent years. Most studies investigating dengue transmission and control have had an urban 37 focus, while less consideration is currently given to rural settings, or where urban and rural 38 areas overlap. We examined the spatiotemporal distribution and epidemiological 39 characteristics of reported dengue cases in the predominantly rural state of Sabah, in 40 Malaysian Borneo -an area where sylvatic and urban circulation of pathogens are known to 41 intersect. We found that annual dengue incidence rates were spatially variable over the 7-42 year study period from 2010-2016 (state-wide mean annual incidence of 21 cases/100,000 43 people; range 5-42/100,000), but were highest in rural localities in the western districts of 44 the state (Kuala Penyu, Nabawan, Tenom and Kota Marudu). The eastern districts exhibited 45 lower overall dengue rates; however, we noted a concentration of severe (haemorrhagic) 46 dengue cases (44%) in Sandakan and Tawau districts. Dengue incidence was slightly higher 47 for males than females, and was significantly higher for both genders aged between 10 and 48 29 years (24/100,000; p=0.029). The largest ever recorded outbreaks occurred during 2015-49 2016, with the vector Aedes albopictus found to be most prevalent in both urban and rural 50 households (House Index of 64%), compared with Ae. Aegypti (15%). These findings suggest 51 that dengue outbreaks in Sabah are driven by the sporadic expansion of dengue virus in both 52 urban and rural settings. This may require tailoring of preventative strategies to suit 53 different transmission ecologies across Sabah. Further studies to better understand the 54 drivers of dengue in Sabah may aid dengue control efforts in Malaysia, and more broadly in 55 South East Asia.
169 During the study period, clinical cases were identified using World Health Organization 170 (WHO) guidelines using clinical symptoms and/or positive NS1 or serology (presence of IgM 171 or IgG) (23). From 2014 onwards, Malaysian national notification guidelines were modified, 172 in line with WHO advice, to require a positive laboratory diagnostic test (either NS1 and/or 173 IgM/IgG serology) in addition to the presence of clinical symptoms, and case notification 174 within 24 hours of diagnosis (24, 25). Therefore, the majority of cases prior to 2014 were 175 clinically diagnosed (with 30-50% per year confirmed by laboratory tests in our dataset), 176 while cases from 2014-2016 were 100% laboratory confirmed. 210 excluded these from rural-urban incidence calculations. For the remaining 9,035 cases, we 211 calculated the total proportions and incidence rates for urban and rural cases, using 212 population projections calculated from state-wide rural-urban population data published in 213 2010 (22) . At district level, we calculated annual and overall proportions of rural and urban 214 cases per district. Where cases with unspecified localities were included in analyses (Tables 215 1, 2 and S1), the proportion of unspecified localities were indicated. Annual and overall 216 relative risks (RR) of dengue for each individual district were calculated using:
217
RR = Observed incidence rate Expected incidence rate 218 where the expected incidence rate for each district is based on the mean rate for the state 219 multiplied by the population of each district. A RR value > 1 indicates increased incidence of 220 dengue in that location compared to the expected (mean) incidence, and a value < 1 221 indicates lower than expected dengue incidence. 230 February (Fig 2) . Seasonal decomposition analysis showed that, on average, notifications 231 peaked each January, with the highest risk period being between November and March.
232 Smaller peak periods were also observed occasionally in July and October (S1 Fig) . . During these large outbreak years, state-wide annual incidence peaked at 244 between 35 and 43 cases per 100,000, respectively. Conversely, incidence rates dropped to 245 5-9 per 100,000 during the smaller outbreak years between 2011 and 2013. The mean state-246 wide annual incidence rate across the 7 years was 21 cases per 100,000 people.
247 For the period 2011-2016, state-wide mean annual incidence of dengue in urban localities 248 was 44/100,000 versus 47/100,000 for rural localities, and annual rates of dengue in urban 249 and rural localities often contributed similarly to the overall burden ( Fig 3) . However, there 250 was a notable difference during the large outbreaks of 2015 and 2016, when the highest 277 occurred below 10 years of age (mean 6/100,000/year), followed by those 50 years of age 299 The changing annual spatial trend is shown in Fig 5, which shows high annual and mean 300 incidence rates often occurring in the western districts of Sabah. A shift in dynamics 301 occurred during the large 2015 outbreak, when incidence increased markedly in the more 302 densely populated western districts of Kota Kinabalu, Penampan, Putatan, and in Sandakan 303 and Semporna in the east (Fig 5) . The overall urban case proportions in these districts ranged 304 from 53-85%. During 2016, cases from both urban and rural localities contributed to the 305 outbreak, but the greatest overall incidence was in Tenom, Nabawan and Keningau districts, 306 where the majority of cases were from rural localities. 
346
The specific districts where case residences were inspected are detailed in S1 Table. 347 Inspections were conducted in 21/25 districts, though the majority were conducted in 348 Tawau (158 inspections; 
